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[57] ABSTRACT
A method and apparatus is disclosed by which any
general purpose external trigger laboratory oscillo-
scope can be utilized to display alphanumeric charac-
ters. Each character to be displayed is composed of a
plurality of segments appearing at various segment po-
sitions in various segment rows to define a conven-
tional matrix, various ones of the segments being dis-
played during each horizontal sweep of the oscillo-
scope trace. In between character segments to be dis-
played, or when no display is desired, the trace is ef-
fectively blanked by a vertical clamping voltage so as
to position the oscilloscope trace in an off-screen posi-
tion. The "clamping" technique of the invention, i.e.,
biasing the oscilloscope trace to an off-screen position
when no character segment is to be displayed, elimi-
nates the necessity of providing Z-axis modulation to
effect blanking.
5 Claims, 3 Drawing Figures
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X-Y ALPHANUMERIC CHARACTER GENERATOR
FOR OSCILLOSCOPES
ORIGIN OF THE INVENTION
The invention described herein was made by employ- 5
ees of the United States Government and may be man-
ufactured and used by or for the Government for gov-
ernmental purposes without the payment of any royal-
ties thereon or therefor.
BACKGROUND OF THE INVENTION '°
This invention generally relates to alphanumeric
character display devices and particularly concerns a
method and apparatus for effecting a character display
on a general purpose oscilloscope 15
Many techniques are known and in common utiliza-
tion for displaying data, such as alphanumeric data,
generated by various data systems. The most popular
methods of displaying such data have been the utiliza-
tion of printers, and cathode ray tube (CRT) display 20
terminals. Each of these general display devices is quite
expensive, utilizes specialized construction, and usually
is not very portable.
With particular reference to CRT display apparatus,
alphanumeric characters to be generated are typically 25
displayed on the screen in a plurality of character seg-
ments disposed in some matrix pattern. During each
horizontal sweep of the electron beam of the CRT dis-
play tube, a different row of character segments are
generated, the complete raster thereby generating a 30
plurality of character lines on the screen. During the
sweep of the electron beam, the CRT screen must be
blanked when no character segment is to be displayed,
the intensity of the beam being markedly increased at
display locations of character segments so as to provide 35
the necessary contrast. Thus, with the typical CRT dis-
play device, Z-axis modulation of the beam of trace
must be effected. As can be appreciated by those
skilled in the art, the requirement for Z-axis modula-
tion markedly increases the sophistication and com-
plexity of the display terminal. Typical of such CRT
display devices is the character display apparatus to be
found in U.S. Pat. No. 3,659,283.
Thus, with the current state of technology, if a CRT
device is desired to be utilized to effect alphanumeric
character display, sophisticated and specialized design
of equipment is necessary.
BRIEF SUMMARY OF THE INVENTION
45
50The instant invention has as its primary objective the
provision of a technique and apparatus by which any
general purpose laboratory oscilloscope having exter-
nal triggering can be utilized as an alphanumeric char-
acter display unit, thus eliminating the current neces-
sity of utilizing sophisticated, specialized, and expen-
sive apparatus where CRT displays are desired.
This significant objective as well as others which will
become apparent as the description proceeds are im-
plemented by the instant inventive process which can
 6Q
simply be described as a technique wherein the^.neces-
sity of Z-axis modulation of a CRT trace is eliminated,
the "blanking " function of Z-modulation being
achieved by clamping the CRT trace in an off-screen
position where it cannot be seen. Thus, a general pur- ^
pose oscilloscope may be utilized as the CRT display
apparatus, there no longer being any need for Z-
modulation of the scope trace.
More specifically, each character to be displayed is
composed of a plurality of segments appearing at vari-
ous segment positions in various segment rows to de-
fine a conventional matrix. A signal is initially gener-
ated to the horizontal sweep trigger input of the general
purpose oscilloscope to initiate a horizontal sweep of
the oscilloscope trace. If no character segment is to be
displayed, a vertical deflection signal is held at a clamp-
ing voltage so as to position the oscilloscope trace in an
off-screen position. When a character segment is to be
displayed during the horizontal trace, a vertical deflec-
tion pulse is generated in the desired position, the volt-
age value of the pulse being such as to position the top
of the corresponding oscilloscope trace pulse thereby
produced from the off-screen or "clamped" position to
a level which is visible on the oscilloscope screen. Only
the flat top of each oscilloscope trace pulse produced
is visible thereby giving the appearance of a dash which
constitutes a character segment. During each succes-
sive horizontal sweep of the oscilloscope trace, the
value of the vertical deflection pulses is altered to posi-
tion the top of each oscilloscope trace pulse generated
during a respective horizontal sweep as a different on-
screen level corresponding to the desired level of a re-
spective row of character segments.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood, and further
features and advantages thereof will become apparent,
from the following detailed description of a preferred
inventive embodiment, such description making refer-
ence to the appended sheets of drawings, wherein:
FIG. 1 is a schematic electrical block diagram of the
apparatus utilized to practice the technique of the in-
stant invention whereby a general purpose oscilloscope
is converted into a CRT alphanumeric character dis-
play device;
FIG. 2 is a diagrammatic view of the typical oscillo-
scope screen illustrating the manner in which alphanu-
meric characters are displayed thereon in accordance
with the teachings of the instant invention; and
FIG. 3 is a graphical illustration representative of var-
ious voltage levels generated and applied to the vertical
deflection terminal of an oscilloscope during operation
thereof as an alphanumeric character generator.
DETAILED DESCRIPTION OF A PREFERRED
INVENTIVE EMBODIMENT
With reference now to FIG. 1 of the application
drawings, a schematic block diagram of the character
generating apparatus of the instant invention is dis-
closed, this apparatus to be coupled to the vertical de-
flection input of any general purpose laboratory oscil-
loscope having an external sweep trigger. Broadly
speaking, the external horizontal sweep trigger of the
oscilloscope is pulsed so as to initiate a horizontal
sweep of the scope trace. If no character segment is to
be displayed, the vertical deflection input signal is held
at a clamping voltage to bias the oscilloscope trace in
an off-screen position. When a character segment is to
be displayed, a vertical deflection pulse is generated in
the desired position on the oscilloscope screen. Only
the flat top of the oscilloscope trace pulse is seen,
thereby giving the appearance of a short dash which
constitutes a character segment. A read-only-memory
is utilized to determine whether or not a segment is to
be displayed during a horizontal sweep. During subse-
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quent horizontal sweeps of the oscilloscope trace, the
level of each oscilloscope trace pulse is altered, the ver-
tical position of the trace pulse and thus the character
segment being determined by the state of a ladder net-
work.
With reference now to FIG. 2 of the application
drawings, a better understanding can be obtained of the
technique whereby alphanumeric characters can be
displayed on the screen of a general purpose oscillo-
scope. In FIG. 2, the screen of the oscilloscope is desig-
nated by reference numeral 10. A plurality of charac-
ters such as the character designated by reference nu-
meral 12 are to be displayed on the screen in a desired
format. For example, and for purposes of this discus-
sion, let it be assumed that eight characters, such as
character 12, are to be displayed in a given character
line, and that a plurality of character lines, such as
character lines 1 and 2, are desired to be displayed on
the screen 10.
Each character, such as character 12, is composed of
a plurality of individual segments in a matrix, such as
the 8X8 matrix illustrated. These character segments
can therefore be found in eight different segment posi-
tions in a segment row, there being eight different seg-
ment rows, each segment row being vertically spaced
from one another. As is shown, a horizontal spacing is
effected between each character of a character line,
and a vertical spacing is effected between each differ-
ent character line.
To display a complete numeral, such as number two
as indicated by reference numeral 12, character seg-
ments are necessary at segment positions 3, 4 and 5 in
segment row 1, in segment positions 2, and 6 in seg-
ment row 2, and so forth as can be noted from FIG. 2
of the drawings. With respect to the display'of a com-
plete number one as is indicated by reference numeral
14, a character segment would be desired at segment
position 4 in segment row 1, at segment positions 3 and
4 in segment row 2, and so forth. As those skilled in the
art can appreciate, any alphanumeric character can be
constructed of a plurali ty of segments in a matrix-like
manner in similar fashion.
So as to display the desired segments of each com-
plete numeral as is shown, all segments of segment row
1 of each character in a character line would initially
be displayed during the first horizontal sweep of the os-
cilloscope trace. During the next horizontal sweep of
the oscilloscope trace, all required segments in segment
row 2 of each character of character line 1 would be
displayed, and so forth. The oscilloscope screen 10, of
course, must be "blanked" at those segment positions
along each horizontal sweep at which no character seg-
ment is to be displayed. To effect this "blanking" with-
out requiring the utilization of Z-axis or intensity mod-
ulation of the oscilloscope beam, the following novel
technique is used.
Initially, a horizontal sweep trigger signal is gener-
ated and applied to the external trigger of the oscillo-
scope to commence the horizontal sweep. The oscillo-
scope trace, however, is biased or "clamped" to an off-
screen vertical position such as is indicated by refer-
ence numeral 16. As the horizontal sweep commences,
and the oscilloscope beam is at an off-screen position
immediately above a character segment to be dis-
played, such as position 18, a vertical deflection pulse
is generated having a voltage value sufficient to move
the oscilloscope trace from the off-screen position to a
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new position at the level of segment row 1. The pulse'
so produced is a square-wave and, thus, the top 20 of
each corresponding oscilloscope trace pulse becomes
visible as a short dash at segment position 3 of segment
row 1. The vertical deflection pulse produced would
have a duration long enough so that the character seg-
ments at positions 3, 4, and 5 of segment row 1 of the
character designated by reference numeral 12 would
be displayed. At that time, the vertical deflection pulse
would extinguish, causing the oscilloscope trace to re-
turn to its biased or "clamped" off-screen position as
represented by reference numeral 22 at this point in
time. Since the vertical deflection voltage pulse applied
has a sharp rise-time and cut-off, only the horizontal
portion or flat top of the corresponding oscilloscope
trace pulse would be visible to the viewer of screen 10.
As the first horizontal sweep progresses, the electron
beam or trace arrives at a position aligned with segment
position 4 of segment row 1 of the character indicated
by reference numeral 14. A further vertical deflection
pulse is generated causing the oscilloscope trace to be
deflected to the level of segment row 1 for a duration
long enough to display the flat top of the trace pulse 24
so as to display a character segment at this position.
The vertical deflection voltage pulse thereafter would
cease, and the oscilloscope trace would return to its
off-screen position as indicated by reference numeral
26. All segments in segment row 1 of the various char-
acters found in character line 1 would be displayed in
similar and successive fashion.
Display of the desired character segments in segment
row 2 of character line 1 is effected by the next hori-
zontal sweep of the oscilloscope trace. Thus, the exter-
nal trigger of the oscilloscope would be pulsed once
again to commence a further sweep of the electron
beam. In this instance, for example, a vertical deflec-
tion pulse would be generated when the beam was
aligned above segment positions 2 and 6 of segment
row 2 of the character designated by the reference nu-
meral 12, thus effecting a display of these particular
character segments. The value of the vertical deflection
pulse applied in this instance, however, is of necessity
different than the value of the vertical deflection pulse
applied when a display of segments was desired or ef-
fected in segment row 1. Specifically, the electron
beam or trace now must be deflected to a new or lower
position during this horizontal sweep, so as to position
the top of the corresponding oscilloscope trace at the
level of the segment row 2. During each successive
sweep of the oscilloscope trace, the values of the verti-
cal deflection pulses are successively varied in a step-
wise or ladder-like arrangement as indicated in FIG. 3
of the drawings so that, upon completion of eight
sweeps of the electron beam, an entire or complete
character would have been displayed at each character
position of character line 1. Thus, for example, to dis-
play character segments appearing in segment row 1 of
character line 1, the voltage of the vertical deflection
pulse would be at a level indicated by reference nu-
meral 28 of FIG. 3. During the next sweep of the elec-
tron beam, wherein a display of character segments in
segment row 2 is desired, the value of the voltage of the
vertical deflection signal would be altered to be at a
new value indicated by reference numeral 30 of FIG.
3, and so forth.
After all alphanumeric characters in character line 1
have been displayed in the aforementioned fashion, al-
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"phanumeric characters in character line 2 would there-
after be displayed in similar fashion with all character
segments in segment row 1 first being displayed, then
character segments in segment row 2 thereafter being
displayed, and so on until all characters in character 5
line 2 have completely been displayed. Of course, the
position of the top of the oscilloscope trace, such as the
top of the pulse represented by reference numeral 20
and 24, would be significantly lowered on the screen 10
of the oscilloscope to be at a level corresponding with 10
the level of the particular segment row and character
line being displayed. As explained above, this is accom-
plished by varying the level of voltage of the vertical
deflection pulse applied. With reference again to FIG.
3 of the application drawings, the voltage level of the 15
vertical deflection pulse has a ladder or staircase wave
form, with each step being representative of the level
of a different segment row within a character line.
" When a new character line is desired at a different posi-
tion on the screen, such as character line 2, the entire 20
staircase or ladder wave, form is altered in value such
as is shown with respect to character line 2 in FIG. 3.
For each new character line desired on the screen 10
of the oscilloscope, an adjustment of the value of the
overall staircase wave form would be effected so as to 25
adjust the level of the flat top of the oscilloscope trace
pulses so generated from the off-screen or "clamped"
position.
With reference now to FIG. 1 of the application
drawings, suitable apparatus for carrying out the 30
above-described operation is illustrated. The specific
form of such apparatus is exemplary only.
Data input representative of desired alphanumeric
characters to be displayed on the general purpose oscil-
loscope is initially provided as a plurality of binary bits 35
in accordance with virtually any desired code. For ex-
ample, and assuming a display format of two lines of
characters, eight characters per line, and a hexadeci-
mal code for each character, the data input would con-
stitute 64 bits of data in the form of 16 hexadecimal 40
characters. This input is presented to a data register
and storage means 34 or a trunk line wherein all 64 bits
of input data in the form of the 16 hexadecimal charac-
ters are stored. The data register and storage means 34
is of typical and conventional construction and could
consist of four 16-bit shift registers, for example. Data
is read out from storage means 34 four bits at a time in
this example, and thereafter fed to a read-only-memory
36. The use of the data register and storage means 34
permits asynchronous operation of the character gen-
erator with the source of data input.
Character conversion is effected by the read-only-
memory 36 in typical fashion. In accordance with the
input code, a specific and predetermined alphanumeric ..
character is selected and a parallel output is provided
from the memory 36 representative of the existence or
non-existence of a character segment of the selected
character at a given segment position in a given hori-
zontal segment row. Thus, each character is stored in ,„
the read-only-memory 36 as 64 bits in the form of eight
8-bit words. A timing input or segment row address sig-
nal provided to memory 36 on trunk line 38 comprising
a plurality of conductors from the timing and count-
down circuitry 40 to be discussed hereinbelow, deter-
 65
mines which word is to be read out from the character
memory 36. Specifically, a logical one in the output
from memory 36 indicates that a character segment is
45
to be present at a particular point in the matrix, while
a logical zero output indicates the absence of a segment
at the given position. As mentioned, the segment row
address signal on trunk 38 assures that a pattern of seg-
ments will be generated which will produce a recogniz-
able character with the right segments being displayed
at the right time.
The parallel outputs of memory 36 are converted to
a serial stream of binary ones and zeros by a parallel-to-
serial converter 42, whose output constitutes the seg-
ment output and gate control signal as shown.
With particular reference, again, to FIG. 2 of the ap-
plication drawings, the output from the parallel-to-
serial convenor 40 is indicated by line 42. Again as-
suming that the first segment row of the first character
line is to be displayed, the read-only-memory 36, hav-
ing inputted therein the data information representa-
tive of the specific alphanumeric characters desired,
would effect a logical one output at a time when the
horizontal trace of the oscilloscope was aligned with
segment positions 3, 4 and 5 of the character desig-
nated by reference numeral 12, and segment position
4 of the character designated by reference numeral 14,
thus providing a gate control signal as shown at 42 for
the first horizontal sweep. The output from the read-
only-memory 36 for all other segment rows and charac-
ter lines will be produced in a similar fashion.
The gate control signal provided by the read-only-
memory 36 is utilized to control a gate 44 which has as
its function to apply either one of the two inputs
thereto to the vertical deflection input of the oscillo-
scope. A generating means 46 is connected to one of
the inputs of gate 44, generating means 46 serving to
generate a vertical clamping voltage of a value to verti-
cally bias the oscilloscope trace in an off-screen posi-
tion. The second input to gate 44 is coupled to generat-
ing means 48 which serves to generate a vertical deflec-
tion voltage of a value to vertically position the oscillo-
scope trace at a level on the oscilloscope screen corre-
sponding to a desired level of a horizontal row of seg-
ments of characters to be generated. Generating means
48 is a ladder voltage generator of conventional con-
struction which provides at its output the staircase volt-
age wave forms indicated in FIG. 3 of the application
drawings. A biasing control input to the ladder voltage
generator 48 determines the overall level or value of
the staircase wave form generated, for example,
whether such wave form would be representative of
character line 1, character line 2, etc., as shown in FIG.
3. The particular "step" of the staircase voltage being
generated by ladder voltage generator 48 is correlated
with the particular character segment being displayed
by a timing and count-down circuit 40 which further
effects periodic and synchronous generation of a hori-
zontal sweep trigger pulse. Timing and count-down cir-
cuit 40 again is of a conventional construction consti-
tuting an oscillator coupled to a plurality of counters.
When the segment output and gate control signal
from read-only-memory 36 is a logical one, the voltage
output from ladder voltage generator 48 is applied to
the vertical deflection input of the oscilloscope. On the
other hand, when the output from the memory 36 is a
logical zero, the off-screen clamping voltage from gen-
erator 46 is applied to the vertical deflection input of
the oscilloscope.
With reference now to FIGS. 1 and 2 of the applica-
tion drawings, the operation of the typical circuitry in
3,866,210
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FIG. 1 will be described with respect to the first hori-
zontal sweep of the oscilloscope trace so as to effect
display of character segments in segment row 1, char-
acter line 1 of characters represented by reference nu-
merals 12 and 14. Read-only-memory 36, having been 5
provided a data input designating all desired characters
to be displayed on the oscilloscope screen, would pro-
vide an output representative of the existence or non-
existence of a character segment of each different seg-
ment position along segment row 1, this output being '°
a binary one or zero as shown by chart 42 of FIG. 2.
Prior to generation of the memory output, timing and
count-down circuit 40 would have initiated a horizontal
sweep of the trace and would have biased the ladder
voltage generator 48 to generate a staircase voltage as 15
shown in the upper portion of FIG. 3, and specifically
at a level designated by reference numeral 28.
The output from the memory 36 initially would be at
a logical zero thus controlling gate 44 to apply the off-
screen clamping voltage from generator 46 to the oscil-
loscope vertical deflection input. Thus, the oscillo-
scope trace would be an off-screen level indicated by
numeral 16 in FIG. 2.
When the oscilloscope trace was aligned with a posi- -.
tion of segment 3, of segment row 1, as designated by
numeral 18, the output from memory 36 would change
to a logical one thus controlling gate 44 to switch the
output from ladder voltage generator 48 to the vertical
deflection input of the oscilloscope. The output of lad-
 30
der voltage generator 48 at this point in time would be
at a level indicated by reference numeral 28 of FIG. 3,
sufficient to cause the top of the oscilloscope trace
pulse to be positioned at a level corresponding to the
level of segment row 1 of character line 1. For the next 35
three segment positions, the output from the read-only-
memory 36 would remain a logical one. Thus, three
character segments at levels indicated by reference nu-
meral 20 would be displayed on the oscilloscope
screen. Thereafter, the output from memory 36 would 40
once again become zero, switching the clamping volt-
age 46 to the vertical deflection input of the oscillo-
scope and returning the oscilloscope trace to the off-
screen or clamped position, as at reference numeral 22
of FIG. 2. The output from the read-only memory 36 45
will remain at a logical zero until the oscilloscope trace
is aligned with segment position 4 of the second charac-
ter represented by reference numeral 14 of character
line 1. At this point, the output from memory 36 will
change to a logical one causing a voltage at level 28 of 50
FIG. 3 from the ladder voltage generator 48 to be ap-
plied to the vertical deflection input of the oscillo-
scope, thus positioning the top of the oscilloscope trace
at level 24 of FIG. 2 so as to display a character seg-
ment. The output from the memory 36 would once
again revert to zero, causing the clamping voltage from
generator 46 to be applied to the vertical deflection
input of the oscilloscope and causing the oscilloscope
trace to return to the off-screen position designated be
reference numeral 26 in FIG. 2.
During the next sweep of the oscilloscope beam initi-
ated by the timing and count-down circuit 40, the oscil-
loscope trace will again be moved from an off-screen
position to an on-screen position with the flat top of
each oscilloscope trace pulse now being at a level cor-
responding to segment row 2 of character line 1, ladder
voltage generator 48 now generating a voltage at a level
55
60
corresponding to the second step 30 of the staircase
wave form shown in FIG. 3.
In this fashion, all character segments of all charac-
ters in each character line are displayed on the screen
10 of the oscilloscope, it being appreciated that the
persistence of the screen 10 maintains the character
segments visible until a further raster is generated. It
should further be appreciated by those skilled in the art
that various other display formats can be utilized if de-
sired, all within the general teachings of the invention
which, through the utilization of off-screen clamping of
the oscilloscope trace, effects a selective "blanking" of
the trace without Z-axis modulation.
From the foregoing detailed description, it should be
apparent that the objectives set forth at the outset of
this specification have been successfully achieved.
Moreover, while there has been shown and described
a present preferred embodiment of the invention, it is
to be distinctly understood by those skilled in the art
that the invention is not limited thereto, but may other-
wise be variously embodied and practiced within the
scope of the following claims. Accordingly,
What is claimed is:
1. An alphanumeric character generator for generat-
ing characters on the screen of a general purpose oscil-
loscope of the type having an external horizontal sweep
trigger input and a vertical deflection input, said char-
acter generator comprising: means for generating a ver-
tical clamping voltage of a value to vertically bias the
oscilloscope trace in an off-screen position; means for
generating a vertical deflection voltage of a value to
vertically position the oscilloscope, trace at a level on-
screen corresponding to a desired level of a horizontal
row of segments of characters to be generated; means
for sequentially generating a plurality of control sig-
nals, each representative of a different character seg-
ment of a plurality of segments to be successively dis-
played in predetermined segment positions along a hor-
izontal row on the oscilloscope screen during a hori-
zontal sweep of the oscilloscope trace; and gate means
coupled to each said generating means responsive to
each control signal for selectively and successively
presenting to the vertical deflection input of the oscillo-
scope either said vertical clamping voltage or said verti-
cal deflection voltage; whereby character segments are
displayed by successively moving the oscilloscope trace
between the off-screen vertical position and the on-
screen vertical position during a horizontal sweep of
the oscilloscope trace.
2. a character generator as defined in claim 1,
wherein each fully completed character to be displayed
is composed of a matrix of a plurality of segments dis-
posed in selected segment positions along a plurality of
different horizontal rows, each horizontal row being
vertically displaced from one another on the oscillo-
scope screen; and wherein said means for generating
said vertical deflection voltage generates a deflection
voltage having a staircase wave form, each step of the
wave form being of a value corresponding to the level
of a respective different horizontal segment row during
successive horizontal sweeps of the oscilloscope trace;
said character generator further comprising trigger
means for periodically generating a horizontal sweep
trigger signal; and timing means for effecting synchro-
nous operation of said vertical deflection voltage gen-
erating means, said trigger means, and said control sig-
nal generating means.
3,866,210
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" 3. a character generator as defined in claim 2,
wherein said plurality of horizontal rows in which a
fully completed character is displayed comprises a
character line, and wherein a plurality of character
lines are displayed, each character line being vertically 5
displaced from one another on the oscilloscope screen;
adjusting means being provided for said vertical deflec-
tion voltage generator to shift the values of the stair-
case wave form generated thereby such that the wave
form is of a value to position the oscilloscope trace at 10
a level on-screen corresponding to the level of each re-
spective character line.
4. A method of generating alphanumeric character
segments on the screen of a general purpose oscillo-
scope of the type having an external horizontal sweep 15
trigger input and a vertical deflection input, said
method comprising the steps of: biasing the oscillo-
scope trace to an off-screen vertical position; generat-
ing a horizontal sweep trigger signal; and sequentially
generating a train of spaced square wave vertical de- 20
flection pulses during each horizontal sweep of the os-
cilloscope trace, each pulse and the spacing therebe-
tween being representative of the existence and posi-
tion of a different character segment to be displayed,
each said deflection pulse being of a value so as to posi-
tion the top of each corresponding oscilloscope trace
pulse from an off-screen position to a Ivel which is visi-
ble on the oscilloscope screen, only the top of each os-
cilloscope trace pulse thereby being visible, thus giving
the appearance of a dash.
5. The method defined in claim 4, wherein during
each successive horizontal sweep of the oscilloscope
trace, the value of the vertical deflection pulses is al-
tered to position the top of each oscilloscope trace
pulse generated during a respective horizontal sweep at
a different on-screen level corresponding to the desired
level of a respective row of character segments, a plu-
rality of character segment rows defining a complete
character display.
25
30
35
40
45
50
55
60
65
